The purpose of this study was to explore racial/ethnic differences in midlife women's cognitive symptoms among four major racial/ethnic groups in the United States and to determine multiple factors that influenced the women's cognitive symptoms. This was a secondary analysis of the data from two larger studies among 1,054 midlife women. The instruments included multiple questions on background characteristics and health and menopausal status, and the Cognitive Symptom Index for Midlife Women. The data were analyzed using multiple logistic and Poisson regression analyses. There existed significant racial/ethnic differences in the total numbers and total severity scores of cognitive symptoms (p < .01); nonHispanic Asians had significantly lower total numbers and total severity scores compared with other racial/ethnic groups. Socioeconomic status and health and menopausal status were significant factors that influenced cognitive symptoms across racial/ethnic groups (p < .05). Further studies Mainly due to aging process, self-reported memory problems are common in midlife women (Gold et al., 2000; Mitchell & Woods, 2001) . Mitchell and Woods (2001) reported that 60% of their research participants noticed memory changes over the last few years. In their study, the participants indicated their problems in remembering words and numbers, interruptions in everyday behavior due to loss of memory, problems in concentrating, and necessity of memory aids. In the Study of Women's Health Across the Nation (SWAN), a significant association of self-reported forgetfulness to peri-menopausal status was also found (Gold et al., 2000). In the SWAN, 31% of pre-menopausal, 44% of early or late peri-menopausal, and 42% of naturally menopausal women reported forgetfulness. Also, peri-menopausal women were 1.4 times more likely to have forgetfulness than pre-menopausal women after controlling for background characteristics. However, racial/ethnic differences in cognitive symptoms that are experienced during the menopausal transition are not well known in the current literature (Greendale, Derby, & Maki, 2011) .
Racial/Ethnic Differences in Cognitive Symptoms and Their Associated Factors
Estrogens are reported to have salutary neurophysiologic effects; a decrease in estrogens during menopausal transition would be detrimental to women's cognition (McEwen, 2001 (McEwen, , 2002 . According to McEwen (2001) , the hippocampus and prefrontal cortex that is in charge of episodic and working memory is rich in estrogen receptors, and estrogens subsequently play an important role in memory. For example, estrogens increase the level of neurotransmitters (e.g., serotonin, acetylcholine), promote the growth and formation of neural synapses, play a role of antioxidants, and regulate calcium homeostasis and second messenger systems (McEwen, 2002) . Therefore, the decrease in estrogens during the menopausal transition could definitely influence cognitive symptoms of the women. In this study, "cognitive symptom" is defined as subjective experience of changes in cognitive functions of a midlife woman and its accompanying bio-psycho-social symptoms (e.g., fatigue, sleep difficulties, mood changes, hot flashes). A broad definition of cognitive symptoms was taken to reflect racial/ethnic variances in symptoms related to cognitive functions that were experienced during the menopausal transition. Subsequently, in this paper, three domains of cognitive symptoms (primary, secondary, and tertiary symptoms) were included as cognitive symptoms. Primary symptoms were those that directly indicated changes in cognitive functions, such as forgetfulness and concentration problems. Secondary symptoms included those that were highly related to changes in cognitive functions, such as depression and anxiousness. Tertiary symptoms included those that could possibly affect cognitive functions, such as hot flush and night sweats. The inclusion of these three domains was essential because different racial/ethnic groups could differently experience and/or report their symptoms due to various reasons (e.g., stigma attached to cognitive symptoms).
Recent studies have supported racial/ethnic differences in hormonal changes (including the decrease in estrogens) during the menopausal transition and subsequent racial/ethnic differences in women's cognitive symptom experience during the menopausal transition. For example, Sutton-Tyrrell and colleagues (2005) reported significant racial/ethnic differences in sexhormone-binding globulin (SHBG) and free androgen index (FAI) among a multiracial/ethnic cohort of pre-menopausal and peri-menopausal women. Although some researchers claim that racial/ethnic differences in hormone levels during the menopausal transition could be subtle (Richard-Davis & Wellons, 2013) , these differences could still influence cognitive symptoms during the menopausal transition differently in different racial/ethnic groups.
In addition to the hormonal changes, multiple factors have been reported to be associated with cognitive symptoms that are experienced during the menopausal transition, which include employment status, job stress, and multiple life roles (Greendale et al., 2011) . Socioeconomic status is one of the most frequently reported factors that are significantly associated with cognitive symptoms (Wee et al., 2012) . General health and menopausal status are other factors that are significantly correlated to cognitive symptoms (Greendale et al., 2011) . However, the associations of multiple factors to cognitive symptoms in different racial/ethnic groups have rarely been determined, and little is known about the racial/ethnic-specific factors that differently influence cognitive symptoms in different racial/ethnic groups of midlife women (Greendale et al., 2011) .
The University of California, San Francisco symptom management model (Dodd et al., 2001 ) guided this secondary analysis. This model has been broadly used in research on symptom experience related to various health/ disease conditions (Dodd et al., 2001; Linder, 2010; Skelly, Leeman, Carlson, Soward, & Burns, 2008) . Three major domains of person, health and illness, and environments are included in the model. The domains interact with three major concepts of the model including symptom experience, symptom management strategies, and outcomes. The major concepts have subconcepts under them as well. For instance, the concept of symptom experience has three subconcepts (perception of symptoms, evaluation of symptoms, and response to symptoms). All these domains, concepts, and subconcepts have been established with empirical evidence from research and practice (Dodd et al., 2001) . Among these domains, concepts, and subconcepts, this secondary analysis specifically targeted to determine the influences of race/ethnicity-a demographic characteristic of a person (under the major domain of person)-on symptom experience (the subconcept of perception of symptoms under the major concept of symptom experience; see Aim 1). Here, only perception of symptoms was considered symptom experience, which was a conceptual limitation of this secondary analysis due to limited variables from the original studies. Among the concepts, domains, and subconcepts, this secondary analysis also targeted two factors related to the major domain of person (background characteristics and health and illness; see Aim 2).
Purpose
The purpose of this study was to explore racial/ethnic differences in midlife women's cognitive symptoms among four major racial/ethnic groups in the United States, and to determine multiple factors that influenced the women's cognitive symptoms. This secondary analysis was conducted with the data from two larger Internet survey studies that included four major racial/ethnic groups of midlife women in the United States (non-Hispanic [NH] Whites, Hispanic, NH African Americans, and NH Asians). The specific aims of this secondary analysis were as follows:
Aim 1: To determine racial/ethnic differences in the total numbers and total severity scores of cognitive symptoms among four major racial/ethnic groups of midlife women in the United States. Aim 2: To determine multiple factors that influenced the total numbers and total severity scores of cognitive symptoms in each racial/ethnic group.
Method
The data from two cross-sectional national Internet surveys among multiethnic groups of midlife women were used for this study (Im et al., 2012; Im, Lee, Chee, Brown, & Dormire, 2010) . The original studies got the approvals from the institutional review boards of the institutions where the researchers were affiliated.
Samples and Settings
The data of 1,054 midlife women (316 NH Whites, 255 Hispanics, 250 NH African Americans, and 233 NH Asians) were analyzed in this study. Included were midlife women aged 40 to 60 years who were able to read and write English and who self-identified their racial/ethnic identity as NH White, Hispanic, NH African American, or NH Asian. The response rate was calculated based on the total number of visitors at the project websites, which was 95% across the two studies. The predetermined sample size (N = 1,054) from the two studies was adequate for multivariate regression analyses with more than 99.9% power to detect an effect size of 0.4 with eight to 10 predictors and a 0.05 alpha level (two sided).
Instruments
The original studies utilized various instruments, and this study included only the data from the following instruments.
Background characteristic, and health and menopausal status. Multiple questions on age, education, employment, family income, marital status, selfreported racial/ethnic identity, country of birth, and level of acculturation were used to measure the women's background characteristics. Socioeconomic status was measured using a question on family income level (the capability to pay for basic necessities such as food, clothing, and shelter). For those who were born outside the United States, five questions about their preferences on food, music, customs, language, and close friends (1 = exclusively own ethnic group to 5 = exclusively American) were asked to measure the level of acculturation. These questions came from the SuinnLew Asian Self-Identity Acculturation Scale (SL-ASIA; Suinn, Ahuna, & Khoom, 1992) . The mean of these questions was used as the level of acculturation.
Items on body weight and height and a 5-point Likert-type scale on perceived health (1 = very unhealthy to 5 = very healthy) were used to measure the women's health status. Also, diagnosed disease(s) and access to health care were measured using two questions. The women's menopausal status was decided based on the data from seven questions on the last menstrual cycle, menstrual regularity, and menstrual flow. When a woman menstruated in the past 3 months without changes in regularity, she was categorized as pre-menopausal. When a woman had menstruation in the past 3 months with increasing irregularity in cycle length over the last year, she was categorized as early peri-menopausal. When a woman had menstruation in the past 12 months but not in the past 3 months, she was categorized as late peri-menopausal. Finally, when a woman did not have menstruation in the past 1 year, she was categorized as post-menopausal. These categories came from the criteria by the SWAN (Avis et al., 2001 ).
The Cognitive Symptom Index for Midlife Women (CMW).
The CMW was derived from the Midlife Women's Symptom Index (MSI; Im, 2006) . The MSI includes 71 items on physical, psychological, and psychosomatic symptoms that midlife women could experience in their menopausal transition, and the CMW includes only 20 items on cognitive symptoms from the MSI. These items were selected from an extensive literature review on symptoms related to cognitive functions that could be experienced during the menopausal transition (Bender et al., 2006 ; Centers for Disease Control and Prevention [CDC], 2015; Greendale et al., 2011; Lee, Diwan, & Yeo, 2010) . As mentioned above, the items included three domains of cognitive symptoms (primary, secondary, and tertiary symptoms). Each item includes two subitems: (a) a prevalence item (1 = yes, 0 = no) and (b) a severity item (0 = no symptom, 5 = extremely). The total numbers of all the symptoms included in the CMW were summed as the total numbers of total symptoms (0-20). The total severity scores were also calculated by summing the severity scores of all the items in the CMW (0-100). Higher numbers and scores indicate more prevalent and severe symptoms. The reliability of the CMW was supported in this study 89 [for the prevalence items] and Cronbach's alpha = .92 [for the severity items]).
Data Collection Procedures
For the original studies, project websites were developed based on the Health Insurance Portability and Accountability Act (HIPAA) and the SysAdmin, Audit, Network, Security (SANS)/Federal Bureau of Investigation (FBI) recommendations. When a woman came to the project websites after viewing the study announcement, she was required to review the informed consent sheets and give her consent by clicking "I agree to participate in the study." Then, she was checked against the screening questions related to inclusion criteria and quota requirement. When she passed the screening questions, she was asked to answer the Internet survey questions.
Data Analysis
The de-identified data from the parent studies were analyzed using the SPSS (version 240) software. Included were only the data with less than 10% missing fields. The data were analyzed using both descriptive and inferential statistics. All statistical analyses were two-tailed, and an alpha level of 0.05 was used. Two-way ANOVA with post hoc tests using Bonferroni's methods were conducted to identify (a) the main effects of racial/ethnic group and menopausal status on the total numbers and total severity scores of cognitive symptoms, and (b) the effects of interactions between race/ethnicity and menopause on the total numbers and total severity scores of cognitive symptoms.
To determine racial/ethnic differences in the cognitive symptoms (Aim 1), chi-square tests and ANOVA were performed with post hoc tests using the Duncan's method. The one-way analysis of covariance (ANCOVA) was performed to find out racial/ethnic differences in the individual severity scores of cognitive symptoms. Then, multinomial logistic regression analyses were performed to compare the frequencies and severity scores of individual cognitive symptoms among racial/ethnic groups.
Poisson regression analyses were performed to identify significant variables associated with the total numbers of cognitive symptoms (Aim 2). Because the assumption of normal distribution (tested with KolmogorovSmirnov test) was violated (p < .001), Poisson regression analyses were chosen (Osgood, 2000) . The likelihood ratio χ 2 test was performed to examine the goodness of fit. Finally, logistic regression analyses were also performed to determine the factors that were associated with the total severity scores of cognitive symptoms in each racial/ethnic group (with the Hosmer & Lemeshow goodness of fit test; Aim 2; Cohen, Cohen, West, & Aiken, 2002) .
In the analyses, the confounding variables that were reported to influence the cognitive symptoms (CDC, 2015; age, educational level, and menopausal status) were identified and included as covariates. Previous studies indicated aging as a strong risk factor for cognitive decline (Deary et al., 2009; Salthouse, 2009) . Also, educational achievement and menopausal status have been reported to affect cognitive symptoms (Alley, Suthers, & Crimmins, 2007; Scarmeas, Albert, Manly, & Stern, 2006) . In the analyses, NH Whites were used as the reference group.
Results

Characteristics of the Participants
In Table 1 , background characteristics and health and menopausal status of the participants are summarized. The participants' average age was 48.97 
Racial/Ethnic Differences in Cognitive Symptoms (Aim 1)
The mean total number of cognitive symptoms was 7.13 (SD = 5.53, range = 1-20). Significant differences were observed in the total numbers of cognitive symptoms among different racial/ethnic groups; Asian women had the lowest total number of cognitive symptoms among all racial/ethnic groups (p < .01; see Table 2 ). The most frequently reported symptoms across the racial/ ethnic groups were worrying (54.1%), sleep problems (52.6), and hot flush (44.8%). Statistically significant racial/ethnic differences were observed in the unadjusted frequencies of 14 symptoms (p < .05; see Table 2 ). Compared with other racial/ethnic groups, NH Whites were more likely to report all symptoms. NH Asians had the lowest symptom prevalence rates across all symptoms, except feeling grouchy in which NH African Americans showed the lowest prevalence rate. In the multinomial logistic regression analyses, Hispanics were less likely to report night sweats (odds ratio The mean total severity score was 22.28 (SD = 20.38, range = 1-100) across all racial/ethnic groups. Significant racial/ethnic differences were observed in the unadjusted mean total severity scores; NH Asians had significantly lower total severity scores compared with other racial/ethnic groups (p < .01; Table 3 ). The severity scores of all individual symptoms were significantly different by racial/ethnic group (p < .05). Across the symptoms, NH Asians had lower severity scores of individual symptoms than other racial ethnic groups.
In the multinomial logistic regression analyses, the participants were divided into two groups by the severity scores: (a) one group with the severity scores of not at all and a little bit and (b) the other group with the severity scores of moderately, quite a bit, and extremely. 
Racial/Ethnic Differences in Cognitive Symptoms by Menopausal Status (Aim 1)
Post-menopausal women had higher total numbers and total severity scores than pre-and peri-menopausal women among all racial/ethnic groups except NH Asians. Among NH Asians, peri-menopausal women had significantly higher total numbers and total severity scores of cognitive symptoms than pre-or post-menopausal women. The main effects of race/ethnicity and menopausal status were significant for both total numbers and total severity scores of cognitive symptoms (p < .05; Table 4 ). Interactions between race/ ethnicity and menopausal status were also significant for the total numbers and severity scores of cognitive symptoms (p < .05; Table 4). Total severity scores of symptoms Subsequent ANOVA and post hoc tests by Duncan were performed to identify the differences in the total numbers and severity scores of cognitive symptoms by menopausal status. The results showed that, among Hispanics, NH African Americans, and NH Whites, the total numbers and severity scores of peri-menopausal women were lower than those of the post-menopausal women (p < .05; see Figures 1 and 2 ). Among Asians, the total numbers and severity scores of peri-menopausal women were higher than those of post-menopausal women (p < .05; Figures 1 and 2) .
Factors Associated With Cognitive Symptoms (Aim 2)
Across the racial/ethnic groups, family income (very hard to pay for basics, β = 0.17, p < .01, and somewhat hard to pay for basics, β = 0.08, p = .01), the country of birth (the United States, β = 0.78, p < .01), BMI (overweight, β = 0.08, p < .01), perceived health (unhealthy, β = 0.10, p < .01, and don't know, β = 0.14, p < .01), and menopausal status (pre-, β = −1.78, p < .01, and peri-, β = −0.47, p < .01) were significantly associated with the total numbers of Note. NH = non-Hispanic; AA = African American. Differences by menopausal status (post hoc tests by Bonferroni): a < b < c/differences by racial/ethnic groups with post hoc tests by Ducan: x < y < yz < z.
cognitive symptoms. Among NH Whites, age (β = −0.01, p = .04), family income (very hard to pay for basics, β = 0.13, p = .03), the country of birth (the United States, β = 1.32, p < .01), diagnosed disease(s) (yes, β = −0.10, p = .02), perceived health (unhealthy, β = 0.15, p < .01, and don't know, β = 0.21, p < .01), and menopausal status (pre-, β = −1.82, p < .01, and peri-, β = −0.42, p < .01) were significantly associated with the total numbers of cognitive symptoms. Among Hispanics, the level of acculturation (β = 0.24, p < .01), employment (employed, β = −0.19, p < .01), and menopausal status (pre-, β = −1.65, p < .01, and peri-, β = −0.45, p < .01) were significantly associated with the total numbers of cognitive symptoms. Among NH African Americans, menopausal status (pre-, β = −1.82, p < .01, and peri-, β = −0.57, p < .01) was significantly associated with the total numbers of cognitive symptoms. Among NH Asians, age (β = 0.02, p < .01), education (less than high school, β = −0.22, p = .02), family income (very hard to pay for basics, β = 0.40, p < .01, and somewhat hard to pay for basics, β = 0.24, p <.01), employment (employed, β = −0.11, p = .09), the country of birth (the United States, β = 0.41, p = .02), perceived health (don't know, β = 0.30, p < .01), diagnosed disease(s) (yes, β = 0.29, p < .01), and menopausal status (pre-, β = −1.40, p < .01) were significantly associated with the total numbers of cognitive symptoms. For binomial logistic regression analyses on the total severity scores, the participants in the total group and each racial/ethnic group were divided into two groups based on the mean severity scores (low vs. high cognitive symptom severity groups). For example, the mean severity score of cognitive symptoms was 26.35 among NH Whites. Thus, NH White women with mean severity scores over 26.35 were categorized into the high cognitive symptom severity group, and those with mean severity scores of less than or equal to 26.35 were categorized into the low cognitive symptom severity group. In total participants (across all the racial/ethnic groups), very low (OR = 2.80, 95% CI [1.66, 4.75] 
Discussion
The findings of this study supported that there were significant racial/ethnic differences in the total numbers and total severity scores of cognitive symptoms that were experienced during the menopausal transition, and the main effects of race/ethnicity and menopausal status were significant for both the total numbers and total severity scores of cognitive symptoms (Aim 1). Interactions between race/ethnicity and menopausal status were also significant for both the total numbers and severity scores of cognitive symptoms. In general, these findings are consistent with the existing literature that has supported significant associations of race/ethnicity to cognitive symptoms (Greendale et al., 2011) . As discussed earlier, researchers have reported racial/ethnic differences in hormone trajectories during the menopausal transition (Weiss, Skurnick, Goldsmith, Santoro, & Park, 2004) , which could partially explain the significant associations of race/ethnicity to cognitive symptoms that are experienced during the menopausal transition (McEwen, 2002) .
The directions of racial/ethnic differences that were found in this study are also consistent with those in the literature. As in most studies (Gold et al., 2000; Randolph et al., 2003; Richard-Davis & Wellons, 2013) , White women had larger total numbers and higher total severity scores of cognitive symptoms than other racial/ethnic groups during their peri-menopausal status while Asian women had smaller total numbers and lower severity scores of cognitive symptoms than other racial/ethnic groups during their peri-menopausal status. Richard-Davis and Wellons (2013) suspected that NH Asian women's lower estradiol levels than NH White women would be a possible reason for these racial/ethnic differences. Randolph et al. (2003) also confirmed that Chinese women had lower levels of unadjusted serum estradiol and SHBG than other racial/ethnic groups after controlling for their body size.
In this secondary analysis, yet, the racial/ethnic differences in individual symptoms totally depended on the types of symptoms. In some individual symptoms, NH Whites had higher frequencies and higher severity scores than other racial/ethnic groups, while other racial/ethnic groups had higher frequencies and higher severity scores in other symptoms than NH Whites. However, these differences in individual symptoms have rarely been reported in the literature, which needs further investigations.
The findings in total participants that post-menopausal women had larger total numbers and higher severity scores of cognitive symptoms than those in the peri-menopausal period are consistent with those of existing studies (Pérez, Garcia, Palacios, & Pérez, 2009 ). As discussed above, women's menopausal transition results in various physical and psychosocial changes that are often linked to cognitive impairment, which subsequently make midlife women experience cognitive symptoms that they did not experience before (Gold et al., 2000; Mitchell & Woods, 2001) . Thus, it is natural that post-menopausal women would be the group who has larger numbers and higher severity scores of cognitive symptoms compared with peri-menopausal women who have not gone through all these changes yet.
The findings among Asian women (the total numbers and severity scores were higher in the peri-menopausal period compared with those in the postmenopausal period) do not agree with the findings in the literature, which needs further investigations to confirm. A possible reason for this finding would be that Asian women were the group with the smallest numbers and lowest severity scores of cognitive symptoms, which subsequently made it difficult to determine the differences due to small variances in their symptom scores. Or as reported in the literature (Frank et al., 2013; Gold et al., 2000; Richard-Davis & Wellons, 2013) , their symptom experience during the menopausal transition could be simply different from that of other racial/ ethnic groups due to the hormonal differences that were discussed above.
Although the factors that influenced the women's cognitive symptoms were different in each racial/ethnic group, family income, the country of birth, BMI, perceived general health, and menopausal status were significantly associated with cognitive symptoms across the racial/ethnic groups (Aim 2). These findings are consistent with those reported in the literature, which support that socioeconomic status is an important factor that significantly influences cognitive symptoms (Bender et al., 2006; CDC, 2015; Greendale et al., 2011; Lee et al., 2010) . Although there still exists a question on the association of socioeconomic status to cognitive symptoms in the literature, researchers in general agree that proxy measures of socioeconomic status (e.g., education, manual occupation) are significantly related to cognitive impairments (Marengoni, Fratiglioni, Bandinelli, & Ferrucci, 2011) . Furthermore, self-reported health and menopausal status are other significant factors that have been reported to influence cognitive symptoms (Greendale et al., 2011 ). Yet the significant association between the country of birth and cognitive symptoms has rarely been reported in the literature. A possible reason for this association would be the healthy immigrant effect (Organista, Organista, & Kurasaki, 2003) ; immigrants are a selected group of healthy people who subsequently experience less cognitive symptoms.
This analysis has several limitations mainly due to the shortcomings of the original studies. First of all, the findings need to be carefully interpreted because the participants tended to be highly educated, married, and employed women. Subsequently, there could exist some potential bias from the selected characteristics of the participants. Also, again, a broad scope of symptoms was included as cognitive symptoms in this analysis to adequately measure potential racial/ethnic variances in midlife women's cognitive symptom experience. Furthermore, the data were based on self-reports, and there were no objective measurements and/or validation of the self-reported data, which might be another source of potential bias. In addition, clinical meanings of the racial/ethnic differences in cognitive symptoms that are reported in this paper are not clear at this point. Finally, because the original studies were cross-sectional studies using Internet surveys, there was no way to determine temporal and/or causal relations between race/ethnicity and multiple factors and cognitive symptoms.
Based on the findings, the following implications are proposed for future research. First, further studies with diverse groups of midlife women are needed on racial/ethnic differences in cognitive symptoms that are experienced during the menopausal transition. As mentioned above, the participants of the original study tended to be a selected group of midlife women, which limits the generalizability of the findings reported in this paper. As discussed above, we also considered a broad scope of symptoms related to cognitive functions in this analysis to adequately reflect racial/ethnic variances in cognitive symptom experience. Thus, more investigations on racial/ ethnic differences in individual symptoms and subsequent racial/ethnic-specific symptom clusters are essential to identify racial/ethnic differences in
